DIN. 


S PATENT OFFICE 


F 


UNITED STAT. 


a 


re Aug ty 
Z — Us bic 159 ' 
& =e Alig 
«16 Ope 
‘Price: $.75 §9=31, 048 ie 


12 November 1958 |! JPRS (NY) L-427 


DIVISION 7 
\olosey, B.S. _ AUG 31 1959 


<< 
Ur 


U.S. PATENT OFFICE 


CONTEMPORARY STATUS OF PHOTO AND MOVIE OPTICS IN THE USSR 
AND IMMEDIATE PROSPECTS FOR ITS DEVELOPMENT 


Coordinated and Distributed by the: 


OFFICE OF TECHNICAL SERVICES 
U. S,. DEPARTMENT OF COMIiERCE 
WASHINGTON 25, D.C. 


U.S, JOINT PUBLICATIONS 
RESEARCH SERVICE 


HAIN OFFICE: D.C. OFFICE: 
SUITE 300 SECOND FLOOR 
#05 BAST 42nd STREET 1636 CONNECTICUT Ave., N.W. 
OW YORK 17, N.Y. WASHINGTON 9, D.C. 
LU6558 j 


JPRS (WY) L-427 
CSO: NY-1685 


CONTEMPORARY STATUS OF PHOTO AND MOVIZ OPTICS IN THE USSR 
AND IMMEDIATE PROSPECTS FOR ITS DEVELOPMEN 


Zhurnal Nauchnoy 4 Prikladn D. Ss. Volosov 
Fotografii i Kinematografi, “ 
/Journal of Scientific and Applied 


Photography and Cinematography 
Vol. 111, No. 1, Moscow, 1958, 
pp 55-56 


Russian photo and projection optics, from its very be- 
ginning and up to our time, has gone through a comparative- 
uy short but effective development. Y 


The production of photo optical equipment in pre-revolu- 
tionary Russia practically did not exist; only some individa-- 
ual shops weve making the simplest objectives from jimported 
glass and eccording to designs of foreign origin, 


The beginning of the actual development of the coolex 
branch of optical techniques is almost wholly connected with 
the work of the "S. I. Vavilov" State Optical Institute, 
which became the scientific and technical center of the 
entire optico-mechanical industry. This institute was or- 
ganized soon after the October Revolution of 1918 and has 
greatly influenced the development of scientific and «pplied 
optics in our country. 


The complex technique of cooking the basic types of op- 
‘tical glass was already mastered in the mid-1920s,. Parallel 
with this was begun the work of creating Russian photogra- 
hic objectives, which required working out theories and 
methods for their design, mastering methods of testing them, 
"nd organizing a simple and effective technology for their 
wroduction and assembly. Although the development of the 
wroduction of objectives in our country began considerably 
iiater than in some European countries, it has reached at the 
wresent time a high and up-to-date level in regard to the 
scale of production and technical equipment. 


During the last quarter of a century photographic and 
projection optics have been developing in the direction of 
daproving optical parameters of these systems by increasing 
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their relative apertures and field of vision and by improv- 
ing the correction of their aberrations, which determine the 
guality of images - the resolution of the objectives and the 
contrasts of the details of the objects they form, These: 
characteristics of objectives have been greatly improved, 
mainly as a result of the creation of new types of anastig- 
matic multi-lens systems, by the application of refracting 
and reflecting lenses, sometimes of aspheric forms, and by 
the application of optical media with different optical con- 
stants. 


The order of development of Russian photo optics for the | 
last decade has been close to the basic direction of foreign 
developments, 

The first projects which were carried out in this field 
in our country in the 1920s had as their goal the simplest 
opticai lens systems, which were obtained by studying the 
literature on the subject, patents, and samples of fcreign 
origin (1,2) /Numbers refer to bibliography/ These ware the 
two-componen* achromatic "Aplanta" type system, *Pettsval" 
objectives, the "Triplett" three-lens system and their 
modification, the "Tessar" four-lens systems, the "Heliar" 
/Geliag’ systems, etc, As is known, all these systems had 
their optical schemes designed by foreign opticians, In- 
terest at that time was focused on a four-lens syster 
offered by G. G. Slyusarev, in which the last component, in 
contrast to the "Triplett" system, consisted of two simple 
lenses, A Similar system under the trademark "Takhar" had 
appeared abroad sometime later. Much of the initiative had 
been displayed by I. A. Turygin, who designed an "Ortagoz" 
objective, 

During the second half of the 1950s, systematic work was 
devoted to an investigation of the "Triplett" systems (N. 
P, Usanov) and "Tessar" systems (EB. I. Hagenthorn) /Gagentorn/ 
Side by side with these projects investigations were con- 
ducted to develop more complex systems with higher optical 
characteristics —- wide-gngular distorting systems (V. N. 
Churilovsky), ortoscopic objectives (M. M. Rusinov) and 
relative aperture, wide-angle anastigmats (D. S. Volosov). 


Projects were conducted simultaneously to establish 
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methods of laboratory testing for photographic objectives 
and for the organization of their production in the G, 0, 

I /State Optical Institute/ (A. I. Tudorovskiy and E, N. 
Tsarevskiy) (2). Later projects to perfect methods of test- 
ing objectives were offered by L. N. Moroz and E,. G. 
Yakhontov, and in recent years by A. T. Ashcheulov and V. 
A, Matveev. .-: ; : 


The Great Fatherland War has naturally changed the themes 
of investigation and has directed all work in this field 
into a totally different channel. At the end of the war, 
-lowever, lens construction projects were again started, 
this time on a larger scale and on the basis of accumula- 
ted experience. 


At this time the designing of a series of original op- 
‘tical systems had already been completed; on this basis, 
jeroups of objectives for different purposes with a brsad 
‘range of optical characteristics have been created (3): 
"Uran" relative aperture, wide-angle anastigmats (D, 3. 
Wolosov); "*1ssar" wide-angle, ortoscopic objectives (M. 
if. Rusinov) (8); "Tair" teleobjectives of higher relative 
aperture (D.S. folosov), and some other types of systems. 


A series of high quality mirror-systems having various 
j@ptical schemes have been worked out for small-size p'.oto- 
graphy, motion picture filming, astrophotography and for 
other purposes; with meniscus aberration compensator (D. 
D. Maksutov); with afocal compensator of parallel ray pen- 
cils ‘D. 8. Volosov, D. Yu. Halpern /Galpern/, Sh. Ya. 
Pechatnikova); with afocal compensator in cénverging pen- 
c@ils(V. N. Churilovsky) and schemes of other authors (G. 
G. Slyusarev and =, I. Hagenthorn), . 


A series of photographic and projection objectives have 
been worked out for tclevision and fluorography ané for in- 
struments designed to operate in the infrared range of the 
spectrum (D. S. Volosov, M. M. Rusinov, and others). 


During the last few years, methods of planning and de- 
signing a group of wide-angle, anamorphous "Bifocator" sys~ 
toms Have been worked out (D. S. Volosov and his collabora-- 
tiors Sh. Ya. Pechatnikova and P. G. Fakhretdinova). The 
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same laboratory worked out a theory of thermo-optical aber- 
rations and made calculations for various systems having 
steady images under conditions of changeable temperatures. 


The collaborators of the Leningrad Central Designing 
Bureau of the Ministry of Culture, USSR, (E. B. Kontorovich 
and A. I. Gan) and the Leningrad Institute of Motion Picture 
Engineers (the chair of D. S. Volosov), have perfected and 
broadened a specific number of normal motion picture film 
and projection objectives having different optical charac-— 
ceristics during the last few years. The Leningrad Insti— 
tute of Precision Mechanics and Optics (the chair of M. M. 
Rusinov) has also participated in the development of indi- 
vidual systems. 


Books and monographs on the theory and methods of op- 
tical system designing — A, I. Tudorovsky (1), G. G. 
Slyusasev (4), D, 8. Volosov (3) -- have been publishe? as 
well as a series of articles pertaining to the theories and 
inethods of Gcsigning complex photo and projection systems. 


The present scientific and technical ievel of USSR objec- 
tive production, technical equipment, and technological pro- 
gress of this branch of optical production allow photograph- 
ic and projection systems of any complexity to be crested | 
and, if necessary, to be produced in any required quantity. 


Unfortunately, in mass production, a serial sample of an 
objective still does not always preserve the desired quali-~ 
ties of a standard pattern. Extensive and extremely impor- 
tant work is still to be done in this direction; if it is 
not done, our future research work in creating more perfect 
systems might become futile to a large degree, as these 
systems have more and more complex optical schemes and there- 
fore require more claborate work, 


In analysing the past development of domestic and foreiga 
photo and motion picture optics and taking note of the most 
effective direction of projects in this field for the last 
few years, it seems to us that future substantial progress 
is possible on the basis of research and development in the 
following directions; 
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1) A théoretical investigation and designing of photogra- 
mic and motion picture film anastignats having highly ef+ 
xctive ‘apertures with the adaptation of some new mtical * 
~dia, especially heavy crowns of the Sb eURIE NEO Eh type and 
rystals (lithium fluoride, flucrspar, ete. ).” = 


2) An investigation of optical schemes and designing of 
i.de-angle photographic and particularly motion picture 
l.Iming systems having highly effective aperatures with a 
urge rear focal segment for monoobjective mirror-like 
uoto apparatuses and for motion picture cameras with 
i.rror-like obturators,. 


3) Designing of new optical schemes and development of 
astigmatic systems with variable optical characteristics 
wich are alterable cither continously or at discretion: 


a) Obdjectives with a smoothly variable focal distance 
»r motion picture filming and television; 


b) Cbiectives with changeable front components for a 
10to apparatus with central shutters. 


4) Development of a theory and methods of designing for 
ramorphous systems and for the further improvement of ob- 
2ctive anamorphites in the following directions: 


a) Preservation of optical properties of an anamor— 
lite within the limits of the whole field of vision and for 
1 distances of pictured objects; 


b) Increase in depth of the sharpness of the image 
DIAC e ; 


c) Widening of the angle of the field of vision of 
1amorphous systems. 


5) Designing of especially wide-angled anastigmats having 
1creased relative aperatures for first rate photo appara- 
1sCS3 as well as for motion picture filming on a wide frane. 


The projects mentioned above are being carried out by us 
ut not with equally successful results. Let us discuss some 
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optical systems which have been developed during the last 
few. years and their characteristics, keeping in mind the 
ficld of their direct application and possible utilization. 
At the same time we will consider some new systems which 
have original optical schemes, and not only objectives which 
are serially produced but experimental designs as well, be- 
cause the latter characterise the nearest perspectives in 


each field, 


Photographic Objectives for Widely Applied 
Photo Apparatuses 


We have in mind first of all objectives of photo appar- 
atuses with 55 millimeter film for the 24 x 36 millimeter 


size. These apparatuses are equipped with a complete 


set 


of objectives whose optical characteristics are sinilar to 
those produced in many countries of the world. A set of 
objecti.ves has been worked out with a focal distance from 


20 to 1,000 millimeters for a given image size. 


In this set, the following new objectives having sriginal 


optical systems can be mentioned: 


a) The "Tair-11" teleobjective, having a highly effective 


luminosity with a focal distance of 135 millimeters. 


A rel. 


ative aperture of 1:2.8 has been obtained as a result of the 


application of a new four-lens system. The objective 
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"Jupiter-11" series also consists of four lenses but it hee 
a different optical system ( the "Zonnar" type by K. Zeiss) 
whose relative aperture is not higher than 1:4. Figure 1 
shows the optical system of the "Tair-11" objective and the 
curve of its photographic resolution in comparison to the 


"Zonnar" type: 


fp.57 of text/ 
Fig.1 - "Tair-11" tealeobjective. 


Figure lg. shows the increased images of the experimental 
patterns in tho center of the field and for different zones 
of the ficld. An examination of this material allows us to 
draw a favorable conclusion about tho high qualitics of the 
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"Tair" objective, taking into consideration its simple 
construction. ; 


A synthesis of the system and its method of design is 
given in D. S. Volosov's book (3). The same book also pre- 
sents a synthesis of a scries of other systems under consi- 
deration here and is made on the basis of. the third order 
aberration theory. 


b) The "Tair-3" telcobjective with a long focal distance 
of 500 millimeters and a relative apcrature of 1:4.5. Hav- 
ing a simple threc-lens optical scheme (Fig. 2), this ob» 
Sective projects a good quality image. 


pene .of toxt/: 
Fig. 2 - '1Tair-3" Telcobjective. 


The "Tair" optical scheme (5) has found good application 
as an initial system for the development of objcectives for 
aifforcnt pueposes in photography, motion picture filming, 
and television, for making objcctives of wide-angle tcle- 
scopic systems, for interference systems, ctc,. 


c) Mirror-like meniscus toleobjective (MTO) with fecal 
distances of 500 and 1,000 millimeters. The meniscus ob- 
jective is adapted to compensate for a spherical aberration 
‘caused by mirror components of the system. The mirror part 
of the system consists of two mirrors. Similar systems of 
a comparatively smaller length can be obtained by the appli- 
ication of special conical or cylindrical diaphragms (7), 
which climinate the possibility of spoiling the film by 
‘beams of light that failed to get double reflection fron 
‘the mirror. Such systoms are small in size and are effec-- 
‘tive for use in portable cameras used by reporters and 
amateurs as well as in - motion pecuune filming and tyle- 
wision cquipment. 


Figuro 35 shows their optical scheme and tho resolution 
curve of the MTO objective, f'=» 500 millimeters, Tho total 
dength of this objective, i.c., the distance from the first 
refracting surface to tho focal surface is one-third of tho 


focal distance of the otjective. The objective with f'= 
1,000 millimeters has a length equal to only one- ~fourth the 
focal distance. 


fp. 58 of text/ 
Fig. 3 - MTO Mirror- ee Tcelcobjective, 


dad) The "Mcreury-1" rclative aperture objective for the 

high quality "Kiev" and "Leningrad" photo apparatuses, ctc, 
The objective of the "Jupiter-8" scries, f!= 50 millimetors, 
relative aperture, 1:2, which is a basic objective for the 
cameras mentioned above, has a satisfactory rclative aperture 
only in panchromatic layers, providing that the latter's 
effcctive resolution is not high. The application of nater- 
tials with a high resolution increases the relative aperture 
at the sonter of the ficlad but docs not bring about any sub- 
stantial increase of the photographic luminosity of the ob- 
jective throughout the field. This is due to its compara- 
tively large residual aberrations, in which the effective 
dimensions or the diffusion shapes of rays, forming a 
nucleus of image points, are large. 


4S a result of many investigations and calculations, the 
author and his collaborator, R. G. Fakhretdinova, have suc-— 
ceeded in computing an objective with smaller residual ab- 
errations than the "Jupiter-8", with the same optical char- 
actcristics. Projects in this direction, as is known, are 
being carried out in many countries. The Leitz Firm (FRG) 
in particular has made an imporved objective called 
"Sumnikron", The curves of its resolution are shown in 
Fig. 4b. 


as one Can sec, the relative aperture of the "Summikron" 
objective on a panchromatic film is only slightly higher 
than that of the "Jupiter-8" objoctive. The substantial 
difference, however, in "Summikron" is the use of a highly 
effective material cellea ‘Mikrokopi" Aiicrocopy/. An in- 
proved quality of imagos in the "Summikron" System had been 
obtained by the application of a more complex seven-lens 
schene for its objective, whore in the composition of its 
Sour positive lenses, lanthanum crowns, the expensive 


8 


ad 


in li Al hi Sa eS oe PIES ARG ap issue a 


qT 


Te re ree rr nt eee me ee - 


components are the oxides of rare earths, 


Our calculations have sHowtey fee a complex optical- scheme 
of no more than seven lenses, Ke objective can be made. by 
the application of standard optical glasses, whose aberra- 
tion within the limits of the whole field is identical to 
the aberrations of the "Summikron" system. 


/p.58 of text/. 
Fig. 4a - "Mercury-1" Relative Aperture Objective. 
4b - Photographic Resolution of Objectives: 1- 
"Sunmikron" 2- "Jupiter-8" 


The standard type of glasses are adapted to the developed 
“Mercury-1" objective. The optical scheme of this obdjec- 
tive 1s shown in Figure 4a. More detailed informaticn 
pertaining to this objective will be published later. 


ec) Wide-angle "MP-2" objective with a 19.5 millimeter 
focal distance, a 95 degree angle of the ficld of vision, 
and a relative aperture of 1:5.6. The optical scheme of 
this objective is that of the six-lcens "Russar" type. (8) 


p.58 of toext/7 
ig. 5 - Wide-angle "MP-2" objective of the "Russar" type 


This objective has less decrease of image illumination 
throughout the field, i.e., from the center of the field 
to its periphery, the illumination of images decreases pro- 
portionally to the cosine of the third degree of the bean 
of vision and not of the ‘fourth degree as for the previous 
wide-angle objectives, 


The objectives of mirror photo apparatuses ought to have 
an increased rear focal segment length, as a flap mirror is 
loceted at the rear of the objective in these apparatuses, 
This construction peculiarity causes much trouble in the 
development of short-focal, wide-angle objectives which ought 
to have a disproportionally increased rear segment in compar- 


. . re aaa 
A ke i ec ne reel RI a LSU 


ison with their focal distance, 


The following new objcctives were designed for these 
apparatuses: 


1) Wide-angle "Mir-4" objectives with a focal distance 
of 28 millimeters and a relative aperture of 1:3.5 and a 
rear focal segment of 38 millimeters which is about 40 per— 
cent in excess of its focal distance, The angle of its 
field of vision reaches 76 degrees. The objective has a 
new optical scheme (Fig.6) and consists of eight lenses (9). 


/p.59 of text/ 
Fig, 6 - Wide-angle "Mir-4" Objective 
Fig. 7 - "Helios-65" /Gelios/ Relative aperture Objective 


The objective with the shortest focal distance of all 
those previously developed for these cameras, the "Mir-1", 
has a focal distance of 37 millimeters, which is equal to 
its rear foval segment; this objective has a six-lens op- 
ticnl schene,. 


2) The "Helios-65" relative aperture objective has a 
foeol distance of 50 millimeters and a relative aperture 
of 1:21; its rear segment is 38 millimeters, which until 
now had been reached only at a focal distance of 58 milli- 
meters in this type of system and consequently had a smaller 
angle of the field of vision, 


The "Helios-44" objcctive in particular, adapted for the 
"Zenith" camera, has the optical characteristics similar to 
a German "Biotar" objective, namely: f'= 58 millineters; 
rolative aperture, 1:2; 2B= 40 degrees. 


& prospective problen is to create a set of objectives of 
different focal distances for cameras with central shutters, 
This can be achieved by the application of changeable con- 
ponents installed in front of the aperture diaphragm. Sone 
known solutions to this problem as well as the existing 
construction of systems are not quite satisfactory; in 
particular the large size of these systems considerably 
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educes their operational qualities, . 


New,higher quality objective-anastigmats have been dov- 
loped for images of 6x6 and 6x9 centimeters as follows: 


1) dide-angle "MP-3" objective, having an original six- 
ens. "Russar" optical scheme similar to the scheme shown in 
igure 5, Its focal distance is 35 millimeters, its rela- 
‘ive aperture is 1:6.3 and the angle of the field of vision 
120 degrees. The linear dimensions of images correspond 
o the size of pictures up to 6 x 9 centimeters,.: 


2) Wide-angle, relative aperture "Uran-13" anastigmat, 
aving an original (10) seven-lens scheme (Fig.8). Its 
ocel distance is 70 millimeters, its relative aperture, 
:2.5, and its angle of the field of vision, 61 degrees, 
mich corresponds to the size of a 6 x 6 centimeter picture. 


/p.59 of text 
Fig. 8 - The "Uran-13" wide-angle, relative aperture 
objective. . 


an anastigmat has been developed for 6 x 9 centimeter 
ictures, the "Uran-27", with » focal distance of 100 milli- 
>ters and an aperture of 1:2.5, The "Uran" type systems 
ave a general purpose optical scheme which can be taken as 
‘basis for the development of objectives with a broad range 
- optical characteristics, depending on their field of 
njplication, i.c., with focal distances from 13 to 750 milli- 
eters, relative apertures fron 1:2 to 1:35.5, and with field 
-sion angles from 63 to 35 degrees, 


3) "Tair-7" teleobjectives, with a focal distance of 300 
limeters and a relative aperture of 1:4.5, have a simple 
-ree-lens scheme similar to that shown in Figure2; they give 
-mges of good quality in picture sizes up to 6 x 9 centi- 
tters, 

The rest of the objoctives developed for pictures of these 
zes have ordinary optical schemes, therefore, we will not 
scuss then, 
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Optics for Usual (Normal) Cinematography 


-~A, Motion picture filming objectives have been perfected 
as follows during the last few years: 

a) By increasing their resolution and the quality of pic- 
tures, with 55-millimeter color film in mind. The objec- 
tives of this group have been mainly improved by increas- 
ing the chromatic correction quality of aberrations in widely 
inclined ray pencils within the limit of the whole field of 
vision. The existing set of objectives for a normal sequ- 
ence of 55 millimeter film has the following optical charac- 
teristics; their focal distances change within the linits 
of 16 to 500 millimeters; their relative apertures are fron 
1:2.8 to 1:35 respectively - the short focal distance objec- 
tive has an aperture of 1:3 while the long focal distance 
systems have them up to 1:5.6. The objectives of the middle 
range focal distances have apertures of 1:2. 


The new optical systems have been adapted to some of 
these objectives. Objectives with focal distances of 25 and 
55 millimeters and with a higher relative aperture of 1:2 
have been developed according to the "Uran" optical scheme 
(Fig. 9), The teleobjective PO-67 has a "Tair" scheme sini- 
lar to the one shown in Figure 1. Its focal distance is 
150 millimeters and its relative aperture is 1:2.8; the 
resolution curve of this highly qualified objective is shown 
in Figure 10a. 


/p.60 of text/ 

Fig. 9 — "Uran-20" Objective 

Fig. 10 - Photographic Resolution of Motion Picture 
Objectives: a-PO-67; b-PO-71 


The following teleobjectives are made according to the 
same "Tair" optical scheme (5): the PO-68, with a focal 
distance of 200 millimeters and the PO-69, with a focal 
distance of 300 millimeters; their relative apertures are 
1:2.8 and 1:3.5 respectively. These objectives give images 
of high quality. 


The ZM-30 and ZM-50 long focal distance systems of 500 
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and 500 millimeters are made according to the meniscus 
scheme (6) mirror-lens teleobjectives (Fig. 3), Their 
respective relative apertures are 1:3 and 1:5.6. These 
objectives are very portable and therefore convenient for 
operational purposes. 


-b) By developing relative aperture, wide-angle objec- 
tives with large rear focal segments. Investigations in this 
direction are being conducted in many countries, This 
problem is one of the most difficult in quantitative optics, 


The basic data on designing and the results of calcu- 
lations for these USSR objectives are published by their 
authors (9). Serially produced, the eight-lens PO-71 
anastigmat has a focal distance of 18 millimeters, a rel- 
ative aperture of 1:2.8, and a field of vision of 76 de— 
grees; its rear focal segment is 22 millimeters. The 
resolution within the limits of the entire vision fiel3 
is substantially higher than that of the systems of simi- 
lar optical charactenistics known to us.. It is particul- 
arly higher than that of the "Petrofokus": objective made by 
the Anjene Firm in Paris, which has a focal distance and 
rear segment of only 19 millimeters. The optical scheme of 
the PO-71 objective is similar to the scheme represented in 
Figure 6, Its resolution curve is shown in Figure 10b. 


The same authors have worked out the PO-72 objective, 
which has a new nine-lens optical scheme (Fig.11), Ata 
focal Gistance of 16 millimeters, its rear focal segment 
reaches 25 millimeters, Its field of vision is 82 degrees 
and its relative aperture is 1:3. The quality of this ob- 
Jective is close to that of the previous syston, 


/p-60 of text7 
Fig. 11 - Relative Aperture, Wide-angle, Motion Picture 
Film Objective PO-72 


B, The anastigmats with more highly effective relative 
apertures for normal and narrow-film motion picture pro- 
Jection are as follows: 


135 


a) The new six-lens PO-500, 501, 502, and 503 objectives 
with corresponding focal distances of 90, 100, 110, and 120 
millimeters and a relative :\ aperture of 1:2 have been pro- 
duced for normal 35 millimeter frame projection, They are 
made for stationary installations in large movie houses as 
well as for wide frame projection, 18.7 x 23.8 millineters, 
on a wide screen, 


b) For 16 millimeter frame projection, relative aperture 
PO-109, 110 and 111 anastigmats have been developed, all 
having the original (11) optical scheme (Fig. 12). 


/p.61 of text/ 
Fig. 12 — Special Relative Aperture Projection Anastignat 
PO-110. 


The optical characteristics of these objectives are: 
focai distances - 55, 50, and 60 millimeters; correspond- 
ing relative apertures - 1:1.2; 1:1.2; 1:1.4. The objectives 
are set ina "Ukraina" narrow-frame projector. 


Optics for Wide Screen Cinenatography 


The development of wide screen cinematography is planned 
in two directions; 


A. By anamorphosis of the image on 35 millimeter film (18.7 
x 23.8 millineter frame) as well as its projection upon a 
screen with the ratio of the sides 2.55:1. 


B, By the application of wide 70 millimeter notion picture 
filn with a frame sides ratio of 2.2:1. Filming is done 
with wide-angle spherical optics on a 50 x 23 millineter - 
frame size. The projection window dimensions are 40.6 x 
22 millimeters. Projects in this dimension are still in 
the experimental stage. 


- Let us discuss somevhat in deteil the optical development stage « 
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A. Anamorphous ‘optical syetens' for notion picture suaning 
and BUOY OUL On. 


The accepted frame size 18.7x 23.8 ai1asmeenee with 
2.55:1 as the ratio of the screen width to its height, re- 
quires double anamorphosis of an image during filming as 
well as Guring projecting. For this purpose anamorphous 
settings consisting of cylindrical lenses are applied, with 
the parallel generatrices of the cylinder sets in front of 
the ordinary filming or projection objectives. 


Working out anamorphous projection systems does not pre- 
sent any unusual difficulties in es much as their angle of 
the field of vision is not large (not more than 20 degrees) 
and therefore those specific distortions of images which are 
inherent in wide-angle filming anamorphites have not yet 
appeared. The technology of making and assembling anamor- 
phites for projection is also considerably simpler than for 
films, and is carried out without any particular difficultics 
after experience is obtained in mastering the production of 
the more complex filming optics. This is the reason why at 
the present time only the cylindrical projection anamorphites 
are being produced in the USSR, although the manufacturing 
of prismatic anamorphites seems to be somewhat simpler. 
Prismatic projection ananorphites do not permit the angles 
of the ficld of vision to be more than 135 to 15 degrees, 
while the dimensions of some wide-screen motion picture 
theaters require the application of wider angle optics. 


Taking these circumstances into consideration, we are 
producing the universal projection ananmorphitic setting 
which consists of four cylindrical lenses, and which forms 
a two-component system, Its angle of the field of vision 
and the dimensions of the aperture from the side of the 
spherical projection objective are such that they allow 
projection by different replaceable objectives with focal 
distances fron 80 to 130 millimeters and with relative 
apertures up to 1:2. 


Considerably greater difficulties arise in designing 
wide-angle, motion picture filming anamorphites. 
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During the last two years, wide-angle "Bifokator" anastig- 
matic systems Nave been designed by the G. 0. L, the TSKB 
/the Centrel Designing Bureau/ of the Ministry of Culture, 
and the "Lenki /ts/ap" Factory, as a result of: theoretical 
investigations and development in calculation methods (12), 
These systems are serially produced under the trademark NAS 
(meaning anamorphitic removable setting). The first variants 
of these systems are being worked out for notion picture 
filming with objectives having a focal distance of 50 milli- 
meters and a relative aperture of 1:2 (NAS-1) or with a 
focal distance of 40 millimeters and relative aperture of 
1:2.5 (NAS-3), The NAS-1 system can also be used with ob- 
jectives having a focal distance of 80 and 100 millimeters 
and respective relative apertures of 1:2 and 1:2.5. The 
NAS-3 systcm can also be used with objectives having focal 
distances of 50, 80, and 100 millimeters, and respective 
relative apertures of 1:2, 1:2, and 132.5. Distance focus~ 
ing is achieved by adjusting a sphericrl objective and one 
of the components of the ananorphitic setting, i.e., for 
the first system by adjusting the first component, and for 
the second system by adjusting the inside lens, Figure 13 
shows optical schemes of these ananorphites in meridional 
cross section, 


/p.62 of text] 
Fig. 13 - Opticnl Schemes of "Bifokator" aAnamorphitic 
Systems NAS in Meridional Section 


The systems have a good correction for monochronatic as 
well as for chromatic aberrations within the whole field of 
vision; their photographic resolution on panchromatic filn 
is close to that of spherical filming objectives located 
behind the ananorphitic system, i.e., about 35mm at the 
center of the field and 30 - 25 mm‘ throughout the field. 


A constancy in anamorphosis has been obtained throughout 
the field with an accuracy of about five percent for ananor- 
phites developed on the basis of a theoretically established 
dependence of ananorphosis alteration in the field on the 
Character of changes in distortion (its size and first der- 
ivative). This accuracy is quite permissible, as has been 
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shown by experimental and operational tests, 


A small size NAS-4 anamorphitic system whose optical 
characteristics are identical to those of the NAS-1 systen 
has been developed for portable newsreel filming cancras 
(12). The length for setting does not exceed 100 milli- 
meters. The diameter of the first and largest lens is 
64 x 60 millimeters. Distance focusing is achieved by 
adjusting the second component of the setting. Construc- 
tively this method is more effective, 


At the present time, the same authors in the G. 0. L. 
have finished calculations for a new wide-angle "Bifokator- 
5" anamorphite (NAS-5) which has an invariable anamorphosis 
for all distances of filming from 1.2 meters to infinity, 
This is achieved through the fact that the second component 
of the system (Fig. 13b) has in its meridional section a 
variable focal distance which changes synchronously with 
the movement of those components of the system which are 
responsible for distance focusing. The optical qualities 
of the system are preserved and are identical to those 
mentioned above in the "Bifokator" (NAS) variations. 


The primary variants of anamorphites, like all the 
existing systems, have a specific characteristic - a dis- 
tance indepth of the image space in different sections 
of an anamorphite, which substantially reduced their oper- 
ational qualities, This characteristic adversely affects 
the quality of the images of differently oriented objects 
located outside of the guiding surface (nearer or farther 
from the surface on which the system is focused), In the 
new "Bifokator" system, the aperture diaphragm is not round 
but elliptical and 1s located inside of a spherical objec- 
tive. This arrangement assured the identical depth of the 
sharpness of objects for all film objective orientations 
located outside of the guiding surface. (Practice in using 
‘these systems completely Jjustificd this arrangenent,) 


There remains a question which is stiil theoretically 
wnanswered, namely, the question of aberration: in imago 
Gistortions of vertical and horizontal lines in wide-angle 
ananorphitic systems, and the means for its correction, 
Until this question has been completely answered, the devel- 
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opment of still wider angled anamorphites. can not be carried 
out. There also remains the question of: investigating the 
practicality of applying toricheski /thoriun-covered/ surfa- 
ces, which apparently can simplify the optical schemes of 
these systems, 


B, Wide-angle optical systems for wide frame photography and 
projection on 70-millimeter filn, 


In this case, the application of a large size 50 x 23 
millimeter frame will satisfy the requirements of the wide 
motion picture screen system; 48.6 x 22 millimeters will be 
the dimensions for the projection window, which corresponds 
to a 2.2:1 ratio of the sides. 


Here the filming objectives have an unusually large vision 
field angle; the basic objective has a field angle of about 
70 degrees which corresponds to a focal distance of 40 milli- 
meters; its relative apertures for good quality aberration 
correction is 1:3.5. The optical scheme of the objective is 
similar to the scheme shown in Figure 6, The long-focus 
objective has a seven-lens optical system; its angle of the 
field of vision is 5é degrees, its focal distance is 56 
millimeters, and its relative aperture is 1:3. The short- 
focus objective, which is still in the development stage, 
should have a 28 degree field vision angle, a focal distance 
of 13.5 millimeters, and a relative aperture of about 1:3.5. 


No less difficulties are ahead for the development of a 
projection objective which can project images on a strongly 
concave cylindrical screen, This compensates for the per- 
spective distortions of images which are caused by the dis- 
torted screen. The optical characteristics of such an ob- 
jective are: focal distance- 60 millimeters; relative aper- 
ture - 1:2; angle of the field of vision - about 50 degrees. 
With the unusually large field for projection objectives, it 
should not "vignette" the wide, inclined rays, as it has an 
aberration correction quality which is high. This problen 
is very difficult and ways to satisfactorily solve it are not 
yet clear, 
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Special Photographic and Projectioa Objectives 


Let us discuss the following three groups of special 
purpose objectives: : 


A. Relative aperture objectives for photographing images 
from electronic tube and fluorography screens, 


Samples of mirror-lens objcctives with a relative eaper- 
ture of 1:1 and a focal distance of 110 millimeters have 
been developed for these purposes; the size of the inage 
which they project corresponds to that of normal 35-nilli- 
neter filn. 


4ll refracted and reflected surfaces of the system are 
of a spherical form. Figure 14 shows the optical schene, 
developed by E. I. Hagenthorn (13). Photographs with din- 
ensions of 1:4 to 1:7 can be made with this objective; it 
projects high quality images and resolves visually at the 
center of the field at about 400 mm and throughout at 
300-200 mor !., 

An objective of the same type has been developed for 
photographing with 16 millimeter film;; this objective has 
e focal distance of 55 millimeters and a relative aperture, 
of 1:0.85, with a resolution on panchromatic film of 55nn © 
in the center of the field and 40 mm '” throughout the field. 
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A ten-lens objective has been designed for wide frane 
fluorography; it has a relative aperture of 1:0.75 and a 
vision ficld angle of 25 degrees. The image surface with 
linenr dimensions of 85 nillimeters is flat. 


A nirror-lens objective has also been designed for the 
sane purposes and has a conical compensating plate which 
corrects aberrations of the wide, inclined rays throughout 
the field, whose angular dimensions reach 25 degrees. The 
system has a relative aperture of 1:0.75 with a spherical 
inage surface. The dimensions of the photo screen, with 
filming scales of 1.5 to 1.6, reach 350 x 350 millineters, 
In comparison to the Schmidt mirror systen, this objective 
has a substantially better correction for wide, inclined 
rays within the limits of the entire ficld. 


All these systems are designed in the G.O.I. (the labor- 
atory of D. S. Volosov). Projects in this direction are 
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being conducted in many countries, particularly in Holland 
by the "Odelka" Firm. The optical system of these objec- 
tives is shown in Figure 15, : 


B,. Objectives with especially high relative apertures for 
photography and television under conditions of reduced 
objective brightness. 


An especialiy high relative aperture mirror-lens objec- 
tive has been developed for photographing remote objects 
under lowered illumination conditions or for projecting 
images of these objects on the photo-cathode of television 
tubes in tvansmitting cameras. Its relative aperture is 
1:0.6 and its focal distance, 1:5 millimeters; the linear 
image Ticld is 24 x 24 millimeters. The visual resolution 


af the center of the field is about 400 mm-l and 200 to 100mm 


throughout the field. The optical scheme of the objec 
tive, analagous to the scheme shown in Figure 14, but with- 
out the setting focal lens, is shown in Figure 16. All 
optical surfaces of this system have a spherical forn. 


[p.63 of text] 

Fig. 14 Optical Scheme of a Mirror-lens Objective 

Fig. 15 The Scheme of a Mirror-lens Objective with 
Conical Compensating Plate 

Fig. 16 The Scheme of a Mirror-lens Objective with 
Especially High Relative Aperture 


An objective has been developed on the basis of the 
same optical system with a focal distance of 55 millimeters 
for 7.5 x 10 millineter picture sides, whose photographic 
resolution or panchromatic is ove)'30 mm™* at the center of 
the field and about 40 mm-l throug...ut the field. 


C. Objectives with Variable Focal Distances - 
Great theoretical investigations and calculations have 
been carried out in connection with the problem of creating 


objectives with continously variable focal distances (3) 
for motion picture filming and television. 
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The simplest forms of its optical schemes (14) is the 
"Idar~2" system which consists of three plain ‘glued compo- 
nents (Fig 17). 


[p.6x of text/ 
Fig. 17 - "Idar" Objective with Variable Focal Distance, 


The objective has an uninterruptedly changeable focal dis- 
tance within the linits of 32 to 95 millineters; the relative 
aperture is 1:5.5 for focal distance intervals of 32 to 62 
millimeters and 1:5.3 for the whole variation interval of the 
focal distance, The first and third components of the sys-— 
tem are rigidly tied up with each other and move along a 
screw with invariable spacing in relation to the stationary 
image plane; the second conponent of the objective also 
moves along a guide in relation to this plane; the equation 
of the guide is cxpressed by a polynomial of the second 
degree. The objective has a good quality image for all 
focal distances, A contrast of pattern streak images with 
a frequency of 25 mm™-, according to measurements by A. T, 
Ascheulov's group on an especially developed photoelectric 
microphotometer, reaches 90 to 933 percent for all focal 
distances, The resolution of this objective on panchroma- 
tic film is 50 mm! in the center 95 the field for small 
focal. distance sections and 40 mn for medium and large 
focal distance sections; throughout the field it is 30 — 

25 nm-Ll for all focal distances of the objective. 


During the last few years, work has been carried out in 
the author's laboratory on a system with a wide range of 


: focal distance variations. M. S. Stefanskiy has designed a 
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"Neon-1" objective which has a smooth variation of focal 
distances fron 35 to 193 millimeters, i.e., 5.5 tines. The 
relative aperture of this system is 1:3 for all focal dis- 
tances. The picture size corresponds to that of a normal 
frame 35 millimeter film, The optical scheme of this ob- 
jective is shown in Figure 18. 


/P.64 of text/ 
Fig. 18 - " Neon" Objective with Variable Focal Distance. 
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The objective is well corrected in relation to all 
aberrations - monochromatic as well as chromatic. A focal 
distance variation is achieved by moving components 11, III, 
ond 1V of the telescopic variable magnification adjustment, 
which is installed in front of the objective. -In compar- 
ison with the known systems of the "Tranfokator" type (the 
"Astro" Firn), the "Neon" system has a substantially better 
correction for aberrations of wide, inclined pencils within 
the limits of the whole field and for all focal distances; 
also it has a good OSG BENOL ET correction, 


In perspective nanaine the problen of creatine snall 
dimension and long focal systems with a variable image 
scale, A practical t rend regarding this seems to be in the 
direction of developing mirror-lens systems with a contin— 
uously changeable focal distance. 


Conclusion 


We have briefly stated the results of investigation ana 
development in the basic direction mentioned at the begin- 
ning of this article. The analysis of the results shows 
that the future improvement of optical characteristics of 
objectives and an increase in image quality seems to be 
real and workable provided that: 


a) optical schemes of systems become more complex, as 
this will permit improving the correction of higher order 
aberrations; 


b) there will be a broader application of reflecting 
surfaces; this will allow especially high resolutions as 
well as small dimension, long-focal systems to be developed; 


c) there is a practical utilization of new optical media- 
special type of glasses and crystals of lithium fluoride 
and fluorspar; 


d) refracting and reflecting surfaces of aspheric forms 
are applied, mainly in systems with large relative apertures 
and small fields of vision as well as in wide-angle systems 
having small apertures, 
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e) photographic films having a higher relative aperture 
are applied. «A low resolution of widely applied photogra- 
phic materials, in particular, of multi-colored films, even 
in a further increase of the objective's own resolution, will 
not permit any considerable increase of the resolution char- 
acteristics of the "objective-photo film" system, if the 
resolution of the latter is not substantially increased. 
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OB3OPbI H KPATKHE COOBUIEHHA. HAYYHAH XPOHHKA 65 


«Hoon» oGnanaet cymectBeuno my4uIMM ucpapienHem aOeppanuii mupoKux uaknonmux 
iyskoB B Iipeseaax Beero nomm M AAA Bcex POKYcuuX paccronuuil H Xopomedt Koppexnueit 
xpomarsiama. 

IlepenekrusnHoit ocraetca saqaya coszaHAA ManoraGapHTHLIX AIMHHOPOKYCHHX cucTeM 
¢ MepeMeHHBIM MaculTaGoM H306paKenun, PalmoHarTbuuM HanpanzenMeM 32eCb, 1O-BMAMMO- 
sIBIAeTCA PaspaGOTKa 3epKabuO-~THH3OBLIX CHCTeM c HeMpepMBHO M3MeHAIOMUMICcA 


vy 
CHbIM PAaCCTOAHHEM, 


(pol 


Saxkaovienne 


Mbt KpaTKO H3ITOAKMAM Pesy-IbTATh ccre_OBanMit M paspaboTOK B OCcHOBHIIX HanpaB- 
AcHMWAX, M@pe4uCHeHHEIX B Hawame cTaTbu. AHanH3 BTHX pe3syAbTaTOB NoKaswpaeT, 4TO 
jaibneiimee cOBeplleHcTBOBaHHe OMTHYeCKHX XapakTepucTHK OObLeKTHBOB uM NOBLIMeHHe 
KagecTba H300Ppa7KCH Ms mpezcTrapnaercn peasbHLIM pH YCcIOBEH: 

a) aubuelimlero ycnoMUeHMA ONTHICCKHX CXeM CHCTeM, 4TO NosBOANT yayaImMATS 
KOppeKIMIO aceppanult BLICIIEX TLOPAKOB, 

6) Gonee mupokoro UpMeneuuA OTPAKaAIOMUX MoBepxXHOcTei, TO NOsBOAAeT cosza- 
paTbh OCOOO CBCTOCHAbHLIC, a TAK*Ke MaOrabapHTHBle AUHHHOPOKYCHHIe CHCTEMBI; 

B) pauOHabHOrO HCHOMb3OBAHMA HOBLIX ONTHYeCKHX cpexz — OcOOMX THIIOB creKom 
 Kpicraros dropuctoro autua, dmooputa; 

r) NpuMenenuA OTpavKaiomix H MpenoMAAoMEX NopepxHoctel achepuyeckoit dopmu, 
raapniim O6pasom B cHcTeMax 6oNbUIOrO OTHOCHTeIbHOrO OTBREPCTHA H Manoro NomA 3penRA, 
a TaWKe B MMPOKOYrOAbHEIX CHcTeMaXx, HMe1IOMINX HeOoOMbMINe OTBepcTHA; 

a) upuMenenna Gonee BLICOKOpaspemaiomux dotorpapuyeckux cn0es; HeBHICOKaa 
paspeliaioman cia WINpoKO npaMenAemEIx hoTrorpapmaeckax MaTepHanoB, B GaCTHOCTH 
MHOPOCHOMHLIX I[BCTHLIX II€HOK, 2aKe IPH AatbHelimem Nosbmenum co6ctBexHOl paspe- 
mawomeit cunt o6beKTHBa He MpHBe_eT K CKOAbKO-HnOyAb 3HadHTeIbHOMy BOSpacTaHino 
paspemaimeit cnocoGuocTu cucTemH ¢o6,eKTHB — oToOcnoil», ecnu paspelaioman cuaa 
nocieynero ne GyfeT cymecTBeHHO yBemnqeHa. 
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®MOTOrPA®MHYUECKOE OBPA3SOBAHHE B BLICMINX YYEBHBIX ABEEHMAX * 


E BEICDIEE XUMUKO-@OTOFPA @HYECKOE OBPASOBAHHE 
JIEHMHPPATCKOM BHHCTUTYTE KHHOBHKEHEPOB; 


Ochopinh cnenmanbunM BucmaM yucOUnM 2aBozenitem, rorosamaun p CCCP HIDKOHO ~ 
pou no oro-KuHoTexHMKe, tBAneTcH JeumurparcKuit MHCTHTyT KunOMIKeHOpoB (JIITRIL). 
Cuenyer nemmoro ocTanoBnTbeA Ha BCTOpUN oTOrO MucTHTyTa. B centadpe 1918 r. 
nocranonaenuesm Copera uapomunmx Komuccapos PCMCP pw Herporpaxe Gua opranmsosan 
Bacmnit mceTaryT ororpann wf POTOTCXUNKH, ITOT MACTHTYT OL OMIM H3 BOCLMH Ha- 


YIUUX yuperkycHnil, B MepBy!O OMCpeAb OPranWsoBalNEx MOION0I COBETCKOM BIacThIO B 
————__. 
* Hactonmeit cratbeit mut oTKphBaem cepmo coodmennil o nriciem (hororpadmaeckom 


o6pasopanna p CCCP m aa pyGexom (Ped.) 
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